Pseudo-ortho-or 4,16-diformyl[2.2]paracyclophane (1) and two polymorphs of pseudo-meta-or 4,13-diformyl[2.2]paracyclophane (2) all display the usual features of [2.2]paracyclophane strain (lengthened C-C bonds and widened C-C(sp 3 )-C angles in the bridges, narrower sp 2 ring angles at the bridgehead atoms, and flattened boat conformations of the rings). All bulk samples were racemates. Polymorph 2a crystallizes in space group P2 1 /n with one molecule in a general position, whereas 2b crystallizes in space group C2 with two independent molecules, each with crystallographic twofold symmetry. All three molecules of 2 are different rotamers with respect to the formyl groups; in 2a one is endo and one exo to the neighbouring bridge, whereas in 2b both formyls are exo in one molecule and endo in the other. In all compounds, the packing patterns are preponderantly associated with C-H···O contacts. In 1 the molecules are connected to form tubes parallel to the short a axis. 2a consists of two interconnected layer structures. One is parallel to (100) and involves chains of molecules parallel to [011]; the other is parallel to (001) and involves chains of molecules parallel to the b axis. 2b consists of two hexagonal layers, one for each independent molecule, parallel to (001). One layer contains bifurcated (C-H···) 2 O systems, whereas the single H···O interactions in the other are long and markedly bent.
Introduction
We are interested in the structural chemistry, and in particular in the molecular packing patterns, of [2.2] paracyclophane derivatives. These are strained molecules in which the strain expresses itself as lengthened C-C bonds and widened C-C(sp 3 )-C angles in the bridges, narrower sp 2 ring angles at the bridgehead atoms, and flattened boat conformations of the rings, whereby the bridgehead atoms are displaced out of the plane of the other four atoms towards the bridges. The packing, especially of simpler (mono-or disubstituted) derivatives that lack classical hydrogen bonds, often involves hexagonal layer substructures with C-H···π interactions, and these are so similar for a wide variety of small substituents that the cell constants parallel to the layer often display closely similar values of ca. 7 and 11Å; for this reason we refer to the "7,11"-0932-0776 / 11 / 0700-0705 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com pattern [1] . For some more recent examples, see e. g. refs. [2, 3] .
Of particular interest to synthetic chemists, on the other hand, are the diformyl derivatives, of which there are four isomers that bear one substituent on each ring. The preparation, separation and spectroscopic identification of these isomers has recently been described [4] , but the crystallographic aspects were omitted. In fact all four isomers were crystallographically characterized [5] , but two, the pseudo-para and pseudo-gem isomers, proved to be severely disordered. The pseudo-ortho isomer 1 (Scheme 1) provided an ordered structure, even if this was not very precise because of limited crystal quality; the main features of the molecular packing, however, may be established unambiguously because all hydrogen positions can be geometrically fixed. The structure of the pseudo-meta isomer 2a, which crystallizes in space group P2 1 /n, Scheme 1. proved to be ordered and of acceptable quality. We recently determined the structure of a second polymorph 2b in space group C2, for which the structure was initially deposited in the Cambridge Crystallographic Database [6] as a Private Communication with refcode VECRUR01. All three structures are now presented here.
Some comments as to the nomenclature and numbering of [2.2] paracyclophanes are appropriate. The two rings are numbered C3-8 and C11-16, and the first substituent is placed at C4, defining the direction of numbering for this ring. For the second ring, however, the numbering may be in the same or the opposite sense, leading to two possible numbering systems. We have generally adopted the former system, as used in this publication. The description of the isomers as pseudo-ortho, etc., based on the relative substituent positions when one ring is projected onto the other, is unambiguous; this isomer is 4,16 in the system used here but would be 4,12 in the alternative system, whereas the pseudo-meta isomer is 4,13 (here) or 4,15. The nomenclature of these and other multiply substituted [2.2] paracyclophanes is discussed thoroughly by Vorontsova et al. [7] .
Discussion
Compound 1 crystallizes with two independent molecules, which are shown in Fig. 1 , and display Fig. 1 . The two independent molecules of pseudo-meta isomer 1. Ellipsoids represent 30 % probability levels. Note the implicit hydrogen bonds H15 ···O1 and H15··· O1 . 
the typical features of [2.2]paracyclophane geometry as described above (Table 1) ; for each ring, the bridgehead atom lies 0.15 -0.17Å out of the plane of the other four ring atoms (details are contained in the Supplementary Information; see note at the end of the paper for availability), and the formyl group is approximately coplanar with the ring and endo to its neighbouring bridge (Table 1) . Both molecules display approximate twofold symmetry; least-squares fits of the two halves of the same molecule gave r. m. s. deviations of 0.05Å for the first and 0.08Å for the second molecule, whereas a fit of the first to the second molecule gave an r. m. s. deviation of 0.07Å.
The molecular packing involves six interactions of the type C-H··· O, all of which are acceptably short (< 2.6Å) and linear (> 158 • ) to qualify as weak hydrogen bonds (Table 2) ; there are no short H··· π or π ···π contacts. The molecules are connected to form tubes parallel to the short a axis ( Fig. 2 ; one tube shown horizontally, together with some neighbouring molecules). Within the tubes, the molecules are linked by the topologically equivalent contacts H15···O1 / H15 ···O1 (within the asymmetric unit) and H5···O2 iii / H5 ··· O2 ii (related by a axis translation). The topological equivalence of the two molecules no longer applies to the connections to neighbouring tubes, namely H7 ··· O1 i (via the screw One of each independent interaction type is labelled with italic letters a -f according to its order in Table 2 . The view direction is perpendicular to (011). Labels I and II refer to horizontal rows of the first and second independent molecule, respectively. axis) and H12···O2 iv (via the glide plane), forming a three-dimensional system. The molecule of isomer 2a is shown in Fig. 3 . General features (Table 3) are as already noted for 1, but the formyl groups are differently disposed; C17=O1 is endo to the bridge, but C18=O2 is exo. The molecular packing is less clear-cut than for isomer 1; there are four C-H··· O contacts, three of which are long (H···O > 2.6Å), and one C-H··· π contact to Cg, the centre of gravity of C12, 13, 15, 16 (Table 4) . The overall packing is three-dimensional, but can be analyzed as two interconnected layer structures. One of these (Fig. 4) , parallel to (100), involves chains of molecules Isomer 2b crystallizes with two independent molecules, each of which displays crystallographic twofold symmetry (Fig. 6) . Again, one can make out the typical features of [2.2]paracyclophane geometry as described above (Table 5 ). The formyl groups are both endo to the bridge in the unprimed molecule and exo in the primed molecule, so that 2a and 2b represent the three possible different rotamers with respect to the formyl groups. Table 4 . The molecular packing involves layers parallel to (001). The unprimed molecule forms layers at z ≈ 0 and the primed molecule at z ≈ 1/2. Within the layers, only long and markedly bent C-H···O interactions can be recognized (Table 6 ). For the unprimed molecules, this is consistent with the bifurcated nature of the system (H5···O1 iii , H7···O1 iv ) (Fig. 7) . The contacts H9 2···O1 vi between the primed molecules must be regarded as borderline and are not included in Fig. 8 , which shows the linkage of the layers via C2-H2A···O1 v The lack of short secondary interactions may be described as a less efficient packing and is reflected in the somewhat lower density of 1.317 g cm −3 , compared to the value of 1.335 for 2a.
The packing patterns of all three structures thus involve preponderantly C-H···O interactions, albeit many of them rather long and bent, rather than C- H··· π. Consistent with this, the "7,11" pattern of cell constants [1] is not observed, despite the presence of layer substructures with hexagonal packing in 2b.
Experimental Section
Isomers 1 and 2a were prepared as previously described [4, 5] and crystallized by evaporation from a solution in chloroform. Isomer 2b was prepared as previously described [8] and crystallized from a solution in dichloromethane.
X-Ray structure determinations
Crystal data are summarized in Table 7 . Data were registered on a Syntex P4 diffractometer using monochromated Table 7 . X-Ray data for compounds 1 -3. MoK α radiation (1, 2a) or an Enraf-Nonius CAD-4 diffractometer using monochromatized CuK α radiation from a rotating anode (2b). Structures were solved using routine Direct Methods and refined using the program SHELXL-97 [9] . The crystal quality was only moderate for 1. Hydrogen atoms were introduced at calculated positions and refined using a riding model, with C-H 0.95Å for C(sp 2 )-H and 0.99Å for C(methylene)-H. The U iso (H) values were set equal to 1.2U eq (C) of the parent carbons. For structure 2b, the Flack parameter refined to 0.0(3), giving a weak indication of the absolute structure; however, the compound was a racemate and crystallized only by chance in a Sohncke space group.
Supplementary Information
Complete crystallographic data have been deposited at the Cambridge Crystallographic Data Centre under the numbers CCDC 826600-826602 for compounds 1, 2a, 2b. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/ data request/cif.
